REVIVE SE (REVIVE) is a closed-ended, self-expanding stent retriever used in the RIVER JAPAN study. We present our early experience with REVIVE for revascularization of acute ischemic stroke (AIS) in patients who have failed or are ineligible for intravenous recombinant tissue plasminogen activator treatment. This prospective, single-arm, non-randomized, multicenter registry study followed up patients undergoing mechanical thrombectomy with REVIVE for 90 days. The primary endpoint was a post-procedure Thrombolysis in Cerebral Infarction (TICI) score ≥2a. Secondary endpoints were clot migration/embolization; recanalization without symptomatic intracranial hemorrhage (ICH) at 24 h; symptomatic ICH; good neurological outcome (modified Rankin Scale score ≤2 National Institute of Health Stroke Scale (NIHSS) score decrease ≥10) at day 90; device-or procedure-related serious adverse events (SAEs) and mortality at day 90. To confirm non-inferiority of REVIVE, results were compared with historical data of the Merci Retriever. Neurol Med Chir (Tokyo) 58, 164-172, 2018 Original article 
Introduction
Direct mechanical thrombectomy (MT) is an alternative option to intravenous recombinant tissue-type plasminogen activator (IV rtPA) for treatment of acute ischemic stroke (AIS).
1) The first MT devices, Merci Retriever and Penumbra System were introduced in Japan in 2010 and 2011, respectively . Thereafter, open-ended, self-expanding stent retrievers such as Solitaire and Trevo Pro were approved for MT in Japan. The MT with stent retrievers in conjunction with rtPA vs. rtPA alone is associated with significant improvement of functional independence 90 days after AIS. [2] [3] [4] [5] [6] The REVIVE SE (REVIVE) device (Raynham, MA, USA, Codman Neuro/DePuy Synthes, Johnson and Johnson) is the first-generation, closed-ended, selfexpanding stent retriever that was approved for use in Europe in August 2010. The second-generation REVIVE device was introduced in Japan and has an improved radial force compared with the original device. Initial study results demonstrated high recanalization rates in basilar, internal carotid artery (ICA), and MCA occlusions. 7, 8) Because the stent is compactly folded at the tip, severely tortuous cerebral arteries can be tracked, and the closed end may limit distal embolization during the MT procedure including clot retrieval.
Evidence supporting the use of any MT devices for stroke in Japanese patients is limited, 9) as all these devices were introduced at around the same time in Japan. Here, we report results of the Reperfuse Ischemic Vessels with Endovascular Recanalization device in JAPAN (RIVER JAPAN) trial (NCT01895634), which was initiated to support approval of REVIVE from the Pharmaceuticals and Medical Device Agency (PMDA) in Japan at a time when no evidence of the clinical effectiveness of stent retrievers was available, and only the Merci Retriever and the Penumbra System were approved. The main objective of this prospective regulatory study with regulatory approval was to evaluate the effectiveness and safety of REVIVE for revascularization in AIS within 8 h of symptom onset in patients ineligible for treatment with IV rtPA or in whom IV rtPA was ineffective.
Methods

Study design
RIVER JAPAN was a prospective, single-arm, non-randomized, observational, multicenter registry study conducted at nine sites in Japan between June 12, 2013 (date of first signed consent form) and September 18, 2014 (last patient last visit). Eligible patients underwent MT using REVIVE (Lot: T10000) and were followed up for 90 days postprocedure. According to the principle, up to three passes of MT with REVIVE were attempted; further treatment with any approved modality, including other MT devices and pharmacological fibrinolysis was based on physician discretion during the procedure. The study was approved by the Institutional Review Board, was conducted in accordance with the Declaration of Helsinki, and is consistent with the International Conference on Harmonization Guideline for Good Clinical Practice. All patients or their representatives provided written informed consent before enrollment.
Population
Patients aged 20-85 years who had AIS within 8 h of onset (based on current approval of MT devices in Japan) at the start of procedure, or had failed or were not suitable for IV rtPA therapy, were eligible. Additional inclusion criteria were clinical signs and symptoms consistent with occlusion of segments M1 or M2 of the MCA, basilar, or vertebral artery, or intracranial segment of the ICA confirmed by angiography; Thrombolysis in Cerebral Infarction (TICI) score of 0 or 1; National Institute of Health Stroke Scale (NIHSS) score of 8-30; and modified Rankin Scale (mRS) score of 0-2 before onset. Patients with ICA dissection, angiitis, tortuosity or stenosis (>50%) of artery impeding catheter delivery to the target site, acute intracranial hemorrhage (ICH) or >2 major occluded arteries were excluded.
Efficacy endpoints
The primary endpoint was the ability of REVIVE to restore partial or total revascularization (TICI 2a or better) immediately post-procedure. Secondary endpoints included the proportion of patients with clot migration/embolization immediately post-procedure; successful recanalization within three passes without symptomatic ICH at 24 h (assessed by an independent core laboratory reader, Toranomon Hospital, 2-2-2, Toranomon, Minato-ku, Tokyo 105-8470); achievement of good neurological outcome (mRS score ≤2 or NIHSS score decrease of ≥10), and neurological outcome (mRS score, NIHSS score, Barthel Index [BI] score) at follow-up day 90; assessment of symptomatic/asymptomatic ICH at 24 h post-procedure; incidence of device-related or procedure-related serious adverse events (SAEs) at day 90; and mortality rates at day 90. Exploratory subgroup analysis included evaluation of successful recanalization (TICI score ≥2a) immediately postprocedure and at final angiogram (which included additional treatment with other devices) in patients with and without use of rtPA in patients with MCA (M1/M2) occlusion.
Procedure
Neurointerventionalists underwent a mandatory study-specific training program for the first clinical use of REVIVE to meet the criteria for using MT devices established by the Japan Stroke Society, Japan Neurosurgical Society, and Japanese Society for Neuroendovascular Therapy. 10) After angiographic assessment, MT with REVIVE was initiated according to instructions for use with anticoagulation per institutional protocol. The first patient treated by each physician with the study device was considered a roll-in case; thereafter, all patients were considered non-roll-in. Use of concomitant medications was permitted. After achieving maximal TICI flow, the device was removed. In case of device failure, provisions were made to attempt the procedure with a second device, without use of accessory devices.
Efficacy assessments
Pre-procedure assessments included imaging (CT, angiography, or MRI), neurological evaluation (mRS, NIHSS, BI), and laboratory tests (PTT/activated PTT [aPTT], INR, platelet count, blood glucose). Thereafter, procedural parameters were assessed and intra-and immediate post-procedural imaging was performed. The TICI scores were assessed during and post-procedure. Follow-up evaluations included imaging and NIHSS score at 24 h and neurological assessments at discharge and at 30 and 90 days post-procedure. Day-30 and day-90 mRS and BI assessments were completed at the follow-up visit or via telephone. Evaluations were repeated at any time during the 90-day follow-up period based on investigator discretion.
Safety
Adverse events (AEs) were assessed for seriousness and relationship to the device, procedure, or both by the investigator and partly by an independent safety committee. Recanalization, clot migration/ embolization, and ICH were assessed using CT, MRI, or angiographic images by an investigator and a core laboratory independent from the study sites.
Statistical analysis
Effectiveness analyses were performed using the per-protocol (PP) population, which comprised patients from the safety analysis set who fulfilled the study criteria without major protocol deviations. The safety analysis population included patients in whom the REVIVE procedure was attempted. Safety analyses were performed using the safety analysis set (SAS). Descriptive data analysis was performed using SAS version 9.2 (SAS Institute). For ordinal and continuous variables, descriptive results included number of patients, mean ± standard deviation (SD), median (minimum, maximum), etc. If necessary, the two-sided 95% CI of the mean value was calculated. Categorical variables are presented by percent, along with numerator and denominator. If necessary, the two-sided 95% CI of the rate was calculated.
To confirm non-inferiority of REVIVE vs. the Merci Retriever, results were compared with historical data from the Mechanical Embolus Removal in Cerebral Ischemia (MERCI) 11) and Multi-MERCI 12) trials. Therefore, the study's threshold success rate was considered to be 50%, with an assumed 80% success rate of REVIVE vs. the historical Merci Retriever rate of approximately 50%. With an exact binomial test of superiority and a one-sided alpha of 0.025, power is 96.5% for 39 patients. Considering a drop-out rate of 20%, ≥50 patients needed to be enrolled. The null and alternative hypotheses are defined with n = REVIVE success rate: null hypothesis H0: π = 0.5; alternative hypothesis H1: π > 0.5. The power is the sum of all probability that the lower limit of 95% CI exceeds the threshold success rate of 50%. The SAS 9.2 POWER procedure ONESAMPLEFREQ method was used for the power calculation.
Results
Demographics and baseline characteristics
A total of 56 patients were screened, and 49 were enrolled (intention-to-treat [ In case multiple affected arteries are reported per subject, proximal artery will be prioritized and counted as a single lesion, patients completed the 30-day follow-up (two deaths were reported) and 46 completed the 90-day follow-up (one additional patient withdrew informed consent).
Procedural parameters
Median time from symptom onset to REVIVE insertion was 230 min (approximately 3.8 h, range 133-458 min) and median time of REVIVE use was 34 min (range 7-128 min) ( Table 2) . Mean (± SD) number of passes with REVIVE was 2.2 ± 1.2, and only one patient received two REVIVE devices. Additional procedures with other devices were required in 38.8% (19/49) of patients.
Primary endpoint
Recanalization (TICI score ≥2a) was observed immediately post-procedure with REVIVE in 73.5% (36/49, 95% CI 58.9-85.1) of patients.
Secondary effectiveness endpoints
No post-procedural clot migration/embolization was reported with REVIVE immediately after the procedure. However, clot migration/embolization was observed in 4.1% (2/49) of patients at the final angiogram, who had both had additional treatment with the Penumbra system. Successful recanalization without symptomatic ICH at 24 h was observed in 62.5% of patients (30/48, 95% CI 47.4-76.0) within three passes.
A gradual increase in the percentage of patients with good neurological outcome (mRS ≤ 2 or decrease in NIHSS of ≥10) was observed over time, almost doubling between 24 h and 90-days postprocedure: 37.5% (18/48) at 24 h, 51.0% (25/49) at discharge/72 h, 63.3% (31/49) at 30-day follow-up, and 66.7% (32/48) at 90-day follow-up. Similarly, a gradual decrease in post-procedural mean total NIHSS score was observed over time, decreasing to about one-fifth of the initial score by 90-days post-procedure: pre-procedure, 17.9 ± 6.0; at 24 h, 11.2 ± 8.8; at discharge/72 h, 10.4 ± 9.8; at 30-day follow-up, 6.2 ± 7.1; at 90-day follow-up, 3.8 ± 6.5 (Fig. 1A) . Mean total BI scores were 99.9 ± 0.7 
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Exploratory subgroup analysis
Recanalization (TICI score ≥2a) was observed immediately post-procedure with REVIVE in 74.4% of patients (29/ 
Safety
ICH was observed at 24 h post-procedure in 31.3% of patients (15/ At 90-day follow-up, the incidence of SAEs was 32.7% (16/49, 95% CI 19.9-47.5). The most frequent system/organ class of SAEs was nervous system disorders (20.4% [10/49] ), and the most frequent term of SAE was cerebral infarction (8.2% [4/49] ). Among the SAEs, seven were considered deviceor procedure-related and occurred in six patients; four were considered device-related, and six were considered procedure-related.
In total, 2 (4.1%) deaths were reported during the study: one within 24 h due to worsening of ischemic stroke (not considered device-or procedure-related), and one within 4 days due to non-occlusive mesenteric ischemia (considered procedure-related). Device malfunction was reported in 26.5% of patients (13/49, 95% CI 14.9-41.1), of which 10.2% (5/49, 95% CI 3.4-22.2) were considered device-related.
Discussion
In contrast to Europe and the United States, 3, 4, 6) MT using stent retrievers is new in Japan, and evidence supporting use in the Japanese population is limited.
9)
The RIVER JAPAN study was a regulatory study for PMDA approval of REVIVE, and designed to show non-inferiority to MERCI 11) and Multi-MERCI 12) trials. Thus, primary efficacy endpoint of RIVER JAPANA is recanalization (TICI score ≥2a). At the beginning of the RIVER JAPAN study, Solitaire FR and Trevo Pro were not approved in Japan; however, during the study, both were approved without regulatory studies, based on the evidence of the SWIFT 13) and TREVO II 14) studies, respectively. Furthermore, during PMDA review for REVIVE approval, five randomized controlled trials (RCTs) were published and reliable evidence for MT using a stent retriever was established. [2] [3] [4] [5] [6] The results of RIVER JAPAN showed equivalent efficacy and safety to the endovascular treatment group of these RCTs ( Table 3 ), suggesting that REVIVE could deliver a similar clinical outcome to other approved MT devices in Japan. For this comparison, we use same criteria of recanalization (TICI score ≥2b).
RIVER JAPAN study presents the early experience using REVIVE for treatment of AIS. This prospective, non-randomized, observational, multicenter registry study did not include a comparison arm(s). Yet, because of the importance of understanding the effectiveness and safety of REVIVE vs. other devices, comparison to historical results from trials evaluating other devices is reasonable. However, the RIVER JAPAN study was originally designed to compare a stent retriever with the MERCI device and conducted as regulatory study, comparisons should be considered with caution, given differences in study designs, investigator experience, sample sizes, sites, and accessibility of occlusion, and ethnicity.
Treatment with REVIVE restored blood flow (TICI score ≥2a) in 73.5% of patients, and the lower limit of the 95% CI (58.9%) was above the 50% threshold for success. Restoration of blood flow was marginally higher (74.4%) with than without (70.0%) use of rtPA. Overall, recanalization was achieved in 91.8% of patients, including those who had additional treatment, at the final angiogram. Core laboratory assessment rates were lower than those observed by site investigators. Recanalization rates immediately post-procedure improved with experience, increasing from 68.4% (during roll-in) to 76.7% (after rollin). Reperfusion rates reported for the newer stent retrievers in non-Japanese patients (TICI 2 or 3: Trevo Pro 86% to 93% [14] [15] [16] and Solitaire 88.8% 17) ) have improved in comparison to the Merci Retriever (Thrombolysis in Myocardial Infarction [TIMI] 2 or 3: MERCI 48.2% 11) and Multi-MERCI 55% 12) ) and the Penumbra System (TIMI 2 or 3: 81.6%). 18) Overall, stent retrievers have demonstrated improved recanalization rates and clinical outcome compared to the Merci Retriever. A significant difference in successful recanalization (TICI score of 2b or 3) was noted between stent retrievers (Trevo and Solitaire: 82%) and Merci Retrievers (62%) in patients with large cerebral artery occlusion (P = 0.016). 19) Neurological outcome (mRS 0-2) after treatment with REVIVE may be considered significantly better than after treatment with the Merci Retriever because the lower limit of the 95% CI (47.4) for REVIVE was higher than the upper limit of the 95% CI (44) for the Merci Retriever. The proportion of patients with mRS 0-2 was 62.5% (30/48, 95% CI 47.4-76.0) at the 90-day follow-up in RIVER JAPAN; 27.7% (36/130) in MERCI; 36% (59/164, 95% CI 29-44) in Multi-MERCI; 58-71% with Solitaire 5, 6, 13) ; 40-55% with Trevo Pro [14] [15] [16] ; and 25-40% with Penumbra. 20, 21) No clot migration/embolization was reported postprocedure with REVIVE. Distal embolization in a previously uninvolved artery was reported in three cases in the MERCI 11) and one case in the Multi-MERCI 12) studies, as well as with newer open-ended stent retrievers (Solitaire, 5-18.2%). 5, 22, 23) The incidence of symptomatic ICH (6.3%) in RIVER JAPAN was similar to that reported in the MERCI (7.8%) 11) and Multi-MERCI (9.8%) 12) studies: Solitaire (0-20%), 3, 6, 7, [23] [24] [25] [26] and Trevo Pro (5-12%). 15, 16, 27) Similarly, asymptomatic ICH was observed in 25% of patients (12/48, 95% CI 13.6-39.6); MERCI 27.7%, 11) Multi-MERCI 30.5%, 12) Solitaire 16.5-40%, 3, 23, 25) and Trevo Pro 41%.
14) The number of deaths (2 [4.1%]) reported at 90-day follow-up in RIVER JAPAN was considerably lower than that reported in MERCI (43.5%) 11) and Multi-MERCI (34%) 12) studies: Solitaire 6.9-30%, 3, 6, 7, 13, 17, [23] [24] [25] [26] Trevo Pro 20-33%, [14] [15] [16] 27, 28) Penumbra, 24-32%. 20, 21, 29) These results were equivalent from other studies of mechanical thrombectomy. The incidence of device-related or procedurerelated SAEs at 90-day follow-up was 12.2% (6/49, 95% CI 4.6-24.8). Among the SAEs, seven were considered device-or procedure-related in six patients; four were considered device-related; and six were considered procedure-related: MERCI 11) and Multi-MERCI (procedure, 5.5%; device, 2.4%) 12) studies; Solitaire (procedure, 5.4-14%; device, 2.5-9%) 13, 24) ; and Trevo Pro (procedure, 8-15%; device, 5%). 14, 15, 28) Limitations of the study include its small sample size, non-randomized study design, and absence of direct comparison with other devices or treatment regimens. Neurointerventionalists were trained and needed to fulfill the criteria for performance and training standards for endovascular ischemic stroke treatment in Japan. 10, 30) Despite these limitations, results of RIVER JAPAN demonstrate the closedended, stent-based design of REVIVE enables quick restoration of blood flow past the occluding thrombus during the procedure, as well as safe clot retrieval. The basket should be able to open a channel and circumferentially displace the thrombus for immediate restoration of blood flow and improve access to fibrinolytic agents, while the closed end should provide better protection from distal embolization before clot retrieval. The range of effectiveness and safety outcomes observed in literature suggests that further studies should evaluate MT devices based on the difficulty of the MT procedure. The choice of MT device and its final evaluation will then depend on the pre-procedural angiogram.
Conclusions
The REVIVE device is effective and safe in recanalizing occluded intracranial arteries in AIS. Indirect comparison using historical data suggests REVIVE has equivalent, if not better, efficacy, and safety compared with the Merci Retriever. Furthermore, a favorable 90-day clinical outcome supports REVIVE as a valuable MT device option for AIS. 1 ;. All co-authors have no conflict of interest for this manuscript. 1 Money paid to the institution.
